ABSTRACT MUNDT, J. ORVIN (University of Tennessee, Knoxville), SANDRA A. LARSEN, AND I. E. MCCARTY. Growth of lactic acid bacteria in waste waters of vegetable-processing plants. Appl. Microbiol. 14:115-118. 1966 These studies were undertaken to determine the extent to which material removed from vegetable surfaces by washing, and from the interior of vegetables by leaching, would support the growth of several species of lactic acid bacteria. Natural waste waters taken at several stages of processing of vegetables for freezing were used, because of the direct association of the problem with stream sanitation. The waters were gathered from five vegetable-processing plants in the state of Tennessee; since the results are so nearly alike for the corresponding waters of the several plants, typical data applicable to all are presented as a composite whole.
Occasionally during studies on the occurrence and distribution of enterococci on plants and in foods, numbers of the bacteria beyond normal expectation have been encountered. In waters, R. Sinclair (unpublished data) observed populations of enterococci within the range of 27 X 104 to 67 x 106/100 ml of water in streams receiving effluents from food-processing plants. The streams did not receive "household" wastes. Elsewhere, H. Kennedy (personal communication) noted a large population of enterococci in partially sheltered waters along the western shore of Lake Michigan, particularly during late summer or early fall. Again, sanitary wastes did not appear to be involved in the temporary increase in the enterococcal populations.
Although it appears likely that these bacteria make use of food material derived from plants, studies to substantiate this presumption have not been reported. Demonstration of the ability of the enterococci to grow in environments enriched with plant-extracted substances and apart from the influence of the warm-blooded animal or man would serve to clarify further the unfolding picture of the distribution of these bacteria in nature.
These studies were undertaken to determine the extent to which material removed from vege- Soluble substances capable of supporting growth of the three species of bacteria were present and were removed by washing from the surfaces of purple hulled peas (Fig. 2) and squash (Fig. 4) , but not from the surfaces of hulled lima beans (Fig. 3), greens (Fig. 5) , or green beans. The results therefore reflect a difference among vegetables with regard to the nature or quantity of exudate on the surface which can be removed by washing.
All vegetables except whole green beans released soluble solids capable of supporting growth of the bacteria during blanching, either as a result of exposure of the cut surfaces and the subsequent penetration of the hot blanching water into the interior of vegetables such as green beans (Fig. 1) and squash (Fig. 4) , or because the integuments of the whole vegetables, such as purple hull peas, lima beans, and greens, were altered (Fig. 2, 3, 5) . Whole green beans are sliced vertically after blanching and cooling, for packing as "french style."
The tender vegetables, such as cut green beans, sliced squash, and the thin-bladed greens, lose essentially all removable soluble solids to the blancher waters, with no material capable of supporting growth of the lactic acid bacteria being leached into the cooling and conveying waters (Fig. 1, 4, 5) . In those waters incapable of supporting growth of bacteria, nitrogenous substances were negligible, and the ninhydrin test was negative. The more firm and intact purple hull peas and lima beans, whose integuments were altered during blanching, yielded soluble materials into the cooling and conveying waters (Fig. 2, 3) . Again, whole green beans were an exception, with little material being leached into the cooling waters.
The analytical data for each of the vegetables correlated well with the ability of the bacteria to grow in the respective waters. The data of Table  1 are illustrative; not only was the ninhydrin test negative when the bacteria failed to grow, but the contents of nitrogenous material and total solids also were low.
Small quantities of particulate vegetable material introduced into large volumes of water simulate the discharge of solid material into streams. Such material is subjected to the continual and prolonged leaching and decomposition by both inherent and foreign chemical and biological systems. In these experiments, the soluble materials emanating from the solid particles supported the growth of the bacteria to surprisingly large populations, in excess of 101/0.1 g of substance lost to the water on the part of S. faecalis, and in excess of 3.7 X 106/0.1 g of substance lost to the water on the part of S. lactis, by raw and blanched green beans, purple hull peas, squash, and kale ( Knoxville, 1965 ) observed more rapid growth and greater metabolic activity of S. faecalis R64a at 20 C than at 37 C, with dextrose as the energy substrate. In earlier (4) as well as during continuing studies, increase in populations and more widespread distribution of the enterococci have been observed with seasonal progress from midsummer into early fall. Enterococci were found to thrive both in pure culture and in competition with other bacteria of the natural environment when growing in commensal relationship to plants in the range of 17 to 20 C (5).
Significant quantities of growth-supporting substances are removed from vegetables during stages of treatment in preparation for freezing. Exact amounts are not easy to determine, but, as an example, K. B. Sanders (unpublished data) noted a weight loss of 4.1% by cut green beans during blanching.
The direct correlation between the positive ninhydrin test and growth of the lactic acid bacteria suggests that the enterococci thrive when the factors accounting for a positive ninhydrin test reach a detectable level. Blasco (1) "demonstrated that a certain amount of algal material is required for the growth of bacterial contaminants" in algal cultures.
It thus seems likely that an accumulation of organic matter in a variety of situations would, when coupled with favorable temperature, lead to the growth of enterococci to the rather high concentrations which have been observed. Conversely, the lack of the organic substances rerequired, either in type or in quantity, may explain the failure of enterococci to grow in other environments investigated, such as in seawaters as reported recently by Slantez and Bartley (6).
